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METHOD OF FORMING A VIBRATION DAMPING COATING 
OfjiA METALLIC SUBSTRATE 



The present invention relates t$a method of forming a vibration damping coating on a 
metallic substrate, and particuilfay but not exclusively a method of forming a vibration 
damping coating on an aerospace component such as a part of a gas turbine engine, 
the invention also relates to a |ibration damped structure comprising the coating and to 
a material usable as a starting friateriai for forming the coating. 

!■■ 

it is generally known to damp vibrations in metallic substrates by use of a surface 
coating on the substrate. 



US-A-2002/0122718, the disclosure of which is incorporated herein by reference, 
discloses the use of magnesia-alumina spinel as a vibration reducing coating on a tip 
treatment bar of a gas turbine engine. 

t" 

The present invention is basedjon our surprising finding that, by controlling the 
microstnjcture of a spinel coatijjig in certain defined ways, the damping efficiency of the 
coating can be Improved. |; 

w ■ 

I: 

According to a first aspect of tijfe present invention, there is provided a method of 
forming a vibration damping costing on a metallic substrate, comprising applying to a 
surface of the metallic substrata coating comprising a spinel having regions of relative; 
oxide or nitride imbalance. 1; : 

iij 

The coating may be applied to|fte metallic substrate in one or more application steps. 
It is preferred that the coating is Applied to the substrate in one application step. 

I: 

in.- . • 

The metallic substrate preferat|y comprises an aerospace component or a portion 
thereof, eg a titanium alloy aeMkpac& component or portion thereof. 
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According to a second aspect Of the present invention, there is provided a vibration- 
damped structure comprising a metallic substrate and a vibration damping coaling 
bonded to a surface of the metric substrate, wherein the coating comprises a spinel 
having regions of relative oxide; for nitride imbalance. 

According to a third aspect of the present Invention, there is provided a vibration- 
damped structure comprising a jmetaflic substrate and a vibration damping coating 
bonded to a surface of the metallic substrate, wherein the coating comprises a spinel 
characterised by the presence jiijf at least about 85,000 effective Interface end defect 

■ : * 

2»nes per surface square millimetre, or at least about 1 00,000 orientated grain 
. boundaries and mlcrocracks per surface square rnillimetre,.pr both. The surface 
density of effective Interface aijid defect zones and orientated grain boundaries and 
mlcrocracks are measurable by. standard techniques, such as, for example, scanning 
electron microscopy. V. 

According to a fourth aspect ofjthe present invention, there is provided a particulate 
spinel material wherein at leasftf some of the particles have a relative oxide or nitride 
imbalance with respect to othe| ones, of the particles, or wherein at least some of the 
particles have regions of relative oxide or nitride imbalance within the particle, or both. • 
Such a material is useful as a starting material in the coaling application process, as will 
be described in greater detail below. 



The spinel coating according to the present invention may suitably be applied using 
conventional thermal spray techniques, eg plasma spraying, more particularly. plasma . 
spraying with control of one orjimore of plasma enthalpy, powder injection dynamics and 
substrate temperature. The process parameters can readily be adjusted by those 
skilled in the art, to suit the equipment used. 

» •. 

y. 

According to a fifth aspect of the present invention, there is provided the use of a spinel 
having regions of relative oxidfe or nitride Imbalance in a surface coating of a metallic 
substrate, for the purpose of damping, vibrations in the metallic substrate. 
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The term "regions of relative o|de or nitride imbalance" used herein means that at 
certain (preferably very numerfus) locations of the coated surface area the proportions 
of the oxide components of thlspinel will vary from the stoichiometric spinel ratro; or 
that at certain (preferably very |umerous) locations of the coated surface area at least 
one introduced nitride and/or o^de may be present in the spinel coating; or both. 

The term -relative oxide or nltrile Imbalance- used hereto with respect to the particulate 
■ spinel starling material has a copending meaning applied to different particlas within 
a population. : j: 

The terms "oxide" and "nrtride'lsed herein with respect to the particulate spinel starting 
material include precursors of fades and nitrides, which can be converted into oxides 
or nitrides in the coating application method. In particular, a carbonate can be used In 
the particulate spinel sterling rfeterial as a precursor of the corresponding ox.de (eg 
calcium carbonate can be usefjas a precursor of calcium tixide). 

Tha term "introduced nitrides aW oxides" used therein means one or more rotrlde or 
oxide which is foreign to the spinel coating. In addition to the spinel material. An : 
introduced nitride or oxide ma* jkuitably be a nitride or oxid* having a coefficient of 
thermal expansion which is diffrent from, preferably substantially different from, and 
most preferably substantially later than, the coefficient of thermal expansion of the • 
spinel material. More preferatfy. the Introduced nitride or oxide should effects J 
volume and morphology of defcts arising within the coating structure and influence the= 
fnctional behaviour of defect i&rface surfaces so that the amount of vibrational energy 
absorbdd by the defect interfafe surface is maximised. 

The term "surface" used herelincludes any portion of the total surface of the 
substrate; 
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The term "coating" used herein includes coatings which contact the surface of the 
metallic substrate, those whicl ji are spaced from the metallic substrate by one or more 
Interposed material, and thosejjwhich are -overlain by any ix>p coating. 



The spinel material may be present with additional component materials in the coating, 
: or the coating may consist essentially of the spinel material according to the Invention. 



The presence of regions of relative oxide or nitride imbalance in the spinel coating Is 

II: • . • 

believed to result in a very muph increased concentration of effective interface and 



defect zones, oriented grain 
with conventional spinel coatii 
that this effect may arise, at 
contractions within the spinal 
substrate, during heating and 
centres, embryo sites or inifiat 
zone interface films caused by 
from the spinel material, eg foi 



lindanes and microcracks in the coating, In comparison 
s. Without wishing to be bound by theory, we believe 
jst in part, from (a) differential expansions and 
rial both in the thermal 'spray and on the metallic 
ling phases of the application procedure, (b) defect 
— sites caused by introduced oxides and/or nitrides, (c) 
jhrtride and/or oxide components which phase separate 
jiing splat interfaces or elongated stringers; or (d j any 




energy absoptt'on effect within 



combination thereof. Such deflect etc. zones are believed to exert a highly efficient 



the coating, leading to very good damping of vibration. 



.The metallic substrate may cor jprise any rnetel or metal alloy and is suitably of ' 
relatively low density, for exannble less than abtfut 7 gem" 3 , less than about 6 gefrf* or 
less than about 5 gem*. The iftetailic substrateisuitabfy has a relatively high melting 
point or melting range. For example, tfte melting point or midpoint of the melting range 
[may suitably be above about 1|Q0°C, for example above about 1300°C, more 
preferably above about 1 400 & Cj|; and most preferably above about 1 500°C, 

i 

The metai substrate may compPse a first metal as the main component and any other 
suitable metai or metals as a rtlfther component or components. It will be appreciated 
ttiatthe metallic substrate mayialso comprise semi- and non-metallic components in 
addition to metallic components^ These semi- and non-metallic components may 
typically be present in lower ambunts than the main metallic component, for example 



'02 FRI 15:59 FAX 01179797337 



RR BRISTOL IP LEGAL 



5- j 



PATENT OFFICE ©Oil 



less than about 5% by weight, ] 
weight 



than about 3% by weight or less than about 1% by 



The main component of the metallic substrate preferably comprises a transition' metal 
•or a transition metal alloy. The [metallic substrate preferably comprises titanium^ an 
alloy of titanium, steel or stainless steel. In a preferred embodiment, the metallic 
substrate comprises a tftanfurqjalloy substantially in the beta form. 

in the case where the metaJ substrate is a titanium alloy, It will comprise titanium as the 
main component and preferably one or more subsidiary components selected from the 
group consisting of alumlniumjberyllium, bismuth, chromium, cobalt, gallium, hafnium, 
, iron, manganese, molybdenum! niobium, nickel, oxygen, rhenium, tantalum, tln t 
• tungsten,, vanadium and zirconium. This alloy may also suftably comprise-one or more 
semi- or non-metallic elementslselected from the group consisting of boron, carbon, 
silicon, phosphorous, arsenic, selenium, antimony and tellurium. These elements may 
serve to increase the oxidation! creep or burning resistance of the metallic substrate. 



Titanium may be present in such a titanium alloy in an amount greater than about 40% 
by weight* for example greaterjfchan about 50% by weight, greater than about 60% by 
weight or greater than about 7Q% by weight and in some embodiments may be present 
, In an amount greater than aboft 80% by weight 

The amount in which the subsidiary component or components are present Is 
determined by the use to whlcril the metallic subfettate will be put, as wifl be well '. 
understood by those skilled in this art. For example, the metallic substrate may be a 
ternary alloy comprising titanium, vanadium and chromium. Certain compositions of this 
type are especially preferred for certain applications wherein the titanium is present 
substantially in the beta form undermost temperature conditions ie has less than about 
3wt% alpha phase titanium, preferably less than about 2wt% alpha phase titanium. 



Such beta titanium alloys are 
chromium which occur in the til 



the points Th22V-13Cr, Ti-22Yj36Cr, and Tl40V-13Cr. These compositions are known 



»ed on ternary compositions of titanium-vanadium- 
inium-vanadlun>chromium phase diagram bounded by 
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to have useful mechanical pro ierfies such as high creep strength and a lack of 
combustibility at temperatures bf up to at least about 650°C. In such compositions, the 
titanium is preferably present i i an amount greater than about 40% by weight, for 
example greater than about 5(|% by weight The chromium Is preferably present in an 

by weight, for example greater than about 1 5% by 
i by weight This concentration of chromium is 
I non-burning characteristics of the alloy at these high 
be present in an amount greater than about 20% by 
weight for example greater ths in 25% by weight or greater than about 30% by weight. 
. A specific alloy of this type has [a composition comprising about 50wt% titanium, about 1 
35wt% vanadium and about 1*iwt% chromium. 

, In other applications, ths elements of the alloy composition will be significantly different 
For example* the metallic subs rate may comprise an alfoy comprising titanium and 
other metals or semi-metals se tected from the group consisting of aluminium, 
chromium, copper, iron, molybdenum, niobium, silicon, tin, vanadium and zirconium. In 
such alloys, aluminium is preferably present in an amount less than 10wt%, for example 
less than ,6 wt%; chromium is y referably presentin an amount less than 10wt%, for 
example less than 8wt%; copp pr is preferably present in an amount less than 5wt%, for 

, example less than 3wt%; iron i b preferably present in an amount less than 5wt%, for 
example less than 3wt%; moly jidenum is preferably present In an amount less man 
10wwt%, for example Isssthar ;8wt%; niobium is preferably present In an amount less 
than 6wwt%, for example less pan 4wt%; silicon is preferably present in an amount 
less than 2wwt%, for example ess than 1wt%; tin is preferably present in an amount 

; Jess than I6wt%, for example I jiss than 12wt%; vanadium is preferably present in an 

. amount less than 15wt%, for e: Sample less than 10wt%; and zirconium is preferably 
present in an amount less than |8wt%, for example less than 6wt%. A specific example 
of such an alloy is T1-6AI-4V. 



Titanium alloys are known to 
formation of the so-called 



bp generally susceptible to oxidation damage through the 
oxide, layer. The diffusion barrier established 
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according to the present Invention is found to substantially restrict such oxidation 
damage in titanium alloys. 

A spinel is a mixed metallic oxL which in its stoichiometrically balanced form has the 
general formula AB^ where i represents a divalent cation and B represents a 
triyalerit cation. Examples of sLitable divalent cations include Fa**. Mg^.Cu and 
Wjp 2 *. Examples of Suitable trt|lent cations include Cr 3 *, Fe 3 *, and Al 3 *. 

The stoichiometrically balance!; material may thus be considered as an equlmolar 
combination of the fundamental oxides AO and B 2 Oa. 

The crystalline structure of a bianced spinel is typically characterised by a cubic 
. By stem/,n which the metal atokexistintetrahed^ ,na 
so-called normal spinel structuje. each A atom is coordinated with four oxygen atoms 



: (ie in tetrahedral coordination); 
(iQ in octahedral coordination).: 
are occupied by some of the Bj 
.atoms are distributed througho] 
. embraced by the term "spinel 



and each B atom is coordinated with six oxygen atoms 
:in a so-sailed inversed spinel, the tetrahedral positions 
atoms, whilst the A atoms and the remainder of the B 
the octahedral positions. All crystalline forms are 
is used herein. 



Spinel materials are ctiaracteri 
to acid or base attack, and ret 

\; * 

The preferred spinel for use in ' 
Mg^and.BsAl 3 *. The term 
in which MgAfeO* Is the predoi 
by weight of the material, and 
which can nevertheless fairly 



ically described as ceramics. They are relatively inert 
pvely refractory to heat 

he present invention is magnesia-alumina spinel, ie A = 
nesia-alumina spinel" used herein includes materials 
nant component, ie comprising more than about 50% 
\ particular does not exclude impure or mixed materials 
described as magnesia-alumina spinel. 



Where the spinel coating has h unbalanced stoichlometry to provide the requmed 
regions of relative oxide or nltrfie Imbalance according to the present invention, a molar 
excess of a di- or tri-valent metal oxide, preferably one of the same oxides AO and 
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B2O3 which on which the spinel 
present, the molecules of whlci 
Generally speaking, the molar 
typically within about 5% of 
such thatthe excess oxfde is 



eq iimol. 



1 

about 7%, for example betweejn 
and about 5%, of equimolar. S 
spinel. 



An intnxluced nitride and/or 
solution, or may reside within 



0)jde 



The coating may b$ applied tofaie 
range of alternatives will be known 
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is based (preferably magnesia and alumina), is also 
disrupt the bulk crystalline structure described above, 
excess of the oxide may be within about 7%, more 

lar. It is preferred that the degree of imbalance is 
resent in a molar excess amount between about 0.2 and' 
about 6.5 and about 5%, for example between about 1 ' 
iuch a spinel coating may be termed a "heterogeneous" ' 



Where the spinel coating inclujfes at least one introduced nitride and/or oxide to provide 
the required relative oxide or n tride imbalance according to the invention, the 

may be selected from the nitrides and oxides of: 
zirconium, yttrium, silicon, slur ijurn, calcium, titanium, boron, hafnium, tungsten, nickel, 
niobium, iron, chromium, titanium, vanadium, manganese, molybdenum, cerium, cobalt 
and barium. Introduced nitrides or oxides will suitably be present in amounts up to 
about 40% by total weight of the coating material, for example up to about 20% by total 
weight 



may be incorporated into the spinel as a solid 
^surrounding spinel matrix. 



metallic substrate by any convenient method. A 
to those skilled in this art. 



The substrate may initially be >repared for coating in conventional manner, eg peening* 
degreasing and other surface ijreatments. 

In one preferred method, a paniculate spinel material according to the fourth aspect of 
the present invention is inftialljj prepared, and is then used to deposit the coating onto 
the metallic substrate. The preferred deposition technique is plasma spraying, which is 
a well-known technique in the "fart In essence, a powder is entrained in a very high 
temperature plasma flame, wtifcre it Is rapidly heated to a molten or softened state and 
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accelerated to a high velodfy. !The hot material passes through a nozzle and impacts 
on the substrate surface, where it rapidly cofcls, forming the coating. It is preferred that 
a so-called "cold plasma spravjing" process is used* whereby the temperature of the 
material impacting the substrate is maintained sufficiently low to avoid heat damage to 
the substrate. j= 

The plasma spraying procedure is typically performed using a conventional plasma 
spraying apparatus comprising an anode (eg of copper) and a cathode (eg of tungsten), 
both of which are cooled (eg by water). Plasjna gas (eg argon, nitrogen, hydrogen or 
helium) flows around the cathqde and through the anode. The anode is formed Into a 
constricting nozzle, through w|ich the plasmja stream and powder particles are ejected. 
The plasma ts initiated by a hi|h voltage discharge, which causes localised ionisation 
and a-conduciive path for a-D© (direct current) electric arc to form between the cathode 
and the anode. The resistance heating fromthe arc causes the gas to reach extreme 
temperatures, dissociate and ionise to form a plasma. The plasma then exits the anode 
nozzle as a free or neutral pla|ma flame (ie plasma which does not carry any electric 
current). The spinel powder iJjfed into the piasma flame, typically via an external 
powder port positioned close tL the anode nozzle. 

The plasma spraying apparatus is normally located between about 25 and about 
1 50mm from the metallic subsjrate surface. ; 

• j: I 

The resultant spinel coating is fcreferably in the form of a surface layer overlying the 
metallic substrate, the layer bjing typically substantially continuous and of substantially 
uniform thickness, The thickness of the coaling may depend on factors such as the 
severity of the vibrations and tljie ambient conditions to which the coated metallic 
substrate will be exposed. Thl coating preferably has a thickness of greater than about 
1 0Ouni, for example greater ttibn about 3004m, and up to about 2mm. Typically, the 
coating will have a thickness l|ss than aboulj 700jim, eg an average thickness of about 
500 jxm. 
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As stated above, the powder material for use In the plasma spraying process is novel 
and constitutes a further aspeci of the! present invention. 

1 r " ■ 

The particles may typically hav£ an average effective diameter greater than about 
1 0>m, for example greater thati about:20>m. Normally, the average particle size will be 
less than about 1 50um, for example less than about 1 OOjtm, eg about 30 to 80^m. In 
th$ case of non-spherical particles, effective diameter Is expressed as the "equivalent 
spherical diameter" of the partr|le, as will be welt understood by those stalled in flils art 
Parflcle size may he measured! by any technique commonly used in the art, for example 
dynamic light scattering or transmission electron microscopy. 

The particulate material preferably consists essentially of the particles as defined In the 
fourth aspect of the present Indention J - - 

'•I* : 

I : 

The spinel material of the powder may comprisfe spinel material In which a di-valent or 
tri-valent metal oxide of the spiifiel, or an introduced oxide and/or nitride, Is in a molar 
excess. The particulate material may also comprise small amounts of non-spinel 
material, eg nucleating core materials which can assist in the manufacture of the 
particles. Such additional materials, If present, will generally be present In an amount 
less than about 10% by weightjj for example less than about 5% by weight Particles 
containing such levels of additional materials in addition to the spinel material will still 
be considered as consisting essentially of spinel material. 

d : 

As mentioned above, precursor forms xrf introduced oxides or nitrides can be used in 
the particulate spinel material. j|For example, calcium carbonate can be used as a 
precursor of calcium oxide. The expression "introduced oxide and/or nitride" and like 
expressions used In relation fo;the particulate spinel material are to be understood 
accordingly. f 

?. 

In one particular embodiment, tjhe powder comprises, and preferably consists 
essentially of, in admixture, a Apt particulate spinel material in which one of the oxides 
of the spinel and/or an introduced oxide and/or nitride is In a molar excess and a 
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second particulate spinel material in Which the other of the oxides of the spinel sind/or 
an introduced oxide and/or nitjide is in a rholar excess, optionally together with further 
particulate spinel materials of jjrffererif composition whether stoichiometrically balanced 
or unbalanced. Preferably at least twp such materials will be present in the mixture. 
The particulate materials are pjreferabfr present in intimate admixture for use in the 
application procedure for the present jhvehtion. The particulate materials may have 
substantially different particle iizes, Whereby a densffied composite powder is provided, 
or may have substantially similar particle sizes- whereby a composition blend is 

provided. f 

i. :•; •. 

Where two particulate materia^ are pn>sent and have substantially different particle 
sizes, one may suitably have ap average particle size of around lOOjxm and the other 
may suitably have an average particle size, of around 20um ~ 

f I ; .• 

Such particulate materials for ijse In the present invention may be prepared by any 
suitable method known in the art. This particulate spinel material may, for example, be 
prepared. by fusing an appropriate mojipr ratio of the constituent oxides, allowing the 
fused material to cool, and subsequently comminuting (eg by crushing) the cooled 
fused material to obtain the desired pbWder. Alternatively, the particulate spinel 
material may be prepared by precipitation in generally known manner. Alternatively, 
, the particulate spinel material may be prepared by spray drying from a sluny 
composition formed with agitation (eg tiow«gitefaon) using a liquid carter (eg an 
aqueous carrier) containing suitable additional components such as surfactants, 
organic binders, or comblnatiorjs thereof, in a still further alternative, the particulate 
spinel material can be formed jjy gas ajtomisation in conventional manner. 

In a second particular embodiment, th?j powder! comprises, and preferably consists 
essentially of, particles comprising internal idomains (eg cores and/or layers) of a first 
spinel material in which one of jhe oxides of the spinel and/or an Introduced oxide 
and/or nitride is in a molar excels and ja second spinel material in which the same 
oxide is present in a different mjolar excess or the other of the oxides of the spinel 
and/or an introduced oxide andjornfcijje isj in a molar excess, optionally together with 

.!• i! : : - 
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The particulate material of this second jparticular embodiment may conveniently be 
formed by a sol-gel process. 1 fie sol-gel process can be performed In an aqueous or 
organic liquid medium, or In a j fixed a^uebus^organic liquid medium, A sol Is Initially 
formed in the medium, comprfc iijig a stable dispersion of very fine particles of the 
component oxides and/or nltrld is or their chemical precursors. The particles of the sol 
are of a size capable of being \ uspencfed without sedimentation, under the effects of 
Brownian motion. The partidesjjiwill typically Have sizes less than about 1nm. 

: i : • 

S ;*i ' : . • ■ 

The particles are preferably ch&jnlcal pirecursqrs of the intended oxides and/or nitrides 
_of the desired material. Such $ ^cursors can be insoluble or sparingly soluble salts or - 
organometallic compounds (eg' alkoxides) of the metals, provided that the precursor 
exists in particle sizes small en iiugh to-alloWthesal to be formed and the precursors 
will be converted into metal oxfotes undjer the subsequent gelation treatment, which 
typically involves dehydration k id/or basification .(raising of the pH). By "insoluble or 
sparingly soluble" we mean a rjiiaterialjthe saturated solution of which in the medium in 
question, is less than about QA\ jjj at 20Hc. : 

\% .; : : \ - 

By controlling the chemistry bai ance oflthasoj-gel mbdure, it is possible to precipitate 
an alternating spinel chemistry sin existing particulates. 



The method of manufacturing 
on the metallic substrate is suit 



fe particulate spinel material used to deposit the- coating 
ijaly controlled!, so that the prepared particles deposit on - 
the substrate with a relatively h gh surfeee [concentration of grain boundaries, 
microcracks, interface and defij ct zones, zone interface films, defect centres, embryo 
sites, initiation sites, splat inter] sices, ejfangateld; stringers, or any combination thereof. 

I ; p : ; 

In one particular embodiment, j:fe partible Sizes may be relatively fine, eg having an 



average particle size less than 
the application flame. Inanoth; 



Ibout 5p*ini, Which causes the particles to melt easily in 
I parttejular ertibodiment, such relatively fine particles 



! t 
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may be agglomerated to form 
in the application flame to 
application of the coating to 



flofaerates which disintegrate or fragment 
b the|?lesred* stream of molten particles for the 

. : Agglomeration of particles may be achieved 
using any suitable techniques! rpm the? powder, handling and powder coating and 
cladding arts, including withoii ipmitatipn granulation or powder cladding (eg using an 
oiganic binder medium to bind (particteb together), and consolidation (eg plasma 

consolidation, to bind partfdesj |>g©th#with agglomeration, and partial sintering). 

% : : " : ! . 
1 ;; • I 

, Densfficatipn of powder mater^ % obtairied by nrjeans of any of the foregoing processes 

* •]■ * * •■ * 

can be accomplished, for exari pie, by heating In an inert atmosphere. Grading of 



particle sizes can conveniently 



Be acHfeved, for example, by sieving. 

y !•*.*!' 

in the 'method, of the present invention Is preferably 



The particulate material for usi 

i _ 

provided as a dry, preferably ff|wable;:powd^r.- for ease of storing and handling. 



a i 



Where the metallic substrate <j ijjnprises art! aerospace component or portion thereof, 
the component is preferably a J iomponentbf^rt aero-engine, eg one which in use is 
.exposed to vibrational forces a id maybe exposed to conditions of relatively high 
temperature {eg above about \ |o°C, jbarteul^rly above about B50°C) r eg casings, 
shrouds, compressor drums, v&es, discs.jblades, shafts, plugs or nozzles. 

IP 

ill 

The present invention provided 

metallic substrates (eg tnaniurr^oysfcagalnsjt vibration damage, particularly in high 
vibration environments such as 



an improved or at least alternative method for protecting 



;jaera-ehginfesi 



The ceramic spinel coating enj |led byjme'jpnksent invention is found to be substantially 
inert and has sufficient strengtl Jand rejiistjincje to cracking to maintain its integrity 
under the wear and vibration © jjjiditions typically found in aero-engines. It does not 

flic substrate to. an appreciable extent It is also 
resistant to erosion and crackip under repjeated cyciing from low to high temperatures. 
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By way of non-limifing exemp!||cationi a magnesia-alumina spinel coating containing a 
small amount (approximately j |5 or 5 weigrrtipercent of the particulate coating material 
as applied to the plasma spraj | of added calcium carbonate was applied by plasma 
spraying to a T1-6AMV metalll|substrate^:arid the surface defect moiphology was 
investigated by scanning elecj hn microscopy (SEM)> in comparison with a standard 
magnesia-alumina: spinel. 

Ffgune 1 of the accompanying! Jrawlng's shows the surface of the standard spinel 
coating under secondary eled ibn field SEM ^t 1OO0x magnification. 

!f i ; E 

• * 1:1 

■ t • r 

Figure 2 of the accompanying-: |rawlng?s shows the surface of the calcium oxide 
modified spinel coating under! nscondary eleqtron field SEM at 1000x magnification. 



1 



Figure 3 of the accompanying! i^awing^ shows the structural loss factor observed under 
standard vibration damping tej |s performed on the material of Figure 1 ("Standard"), 
the material of Figure 2 ("Exihi Iced - about 3L5 wt-%") and a further material containing 
a larger amount of calcium oxi ijb (Turiher [Enhanced - about 5 wt-%"). 

In this particular example a suj |ble ba;se.MgAl spinel powder was used which Is 
manufactured for the purpose! | thermal spraying. A suitable product is supplied by 
Sulzer Metco designated 'AE7j §&\ The enhanced or further enhanced coating powder 
was produced by adding appre |mately 3.5 oi. 5 weight percent of an analytical reagent 
grade calcium carbonate as a j |iysfcal;mlxturj8. A suitable product is available from 
Maflinckrodt Chemicals desigrj lied 'Calcium Carbonate 4072'. 

si i - r 

s • • ■ • 

!;l : c 

The specimen surface was pH aiared for spraying to achieve a suitable surface 

I IP j ': 

roughness using abrasive bias 
pressure of ~ 40 psl. 



A suitable high energy plasma; 
available from Sulzer Metco d 
suitable microstmcture have to 



jng using nominal 30 mesh alumina media with a nozzle 



Ipray gun Was.* used (> 40KW). Such a product is 
signaled 'F4 1 . Application parameters to achieve ■> 
foe estejblishedlbr a particular equipment and 



1 
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specimen/component geometry 



suitable spray trials as those s 
to achieve suitable structure 
ratio and supply voltage. 



combination > These parameters are established via 
ililed fn |the : art|wouId be familiar. Parameters controlled 
spr^y distance, primary, secondary gas flow, Ar/H2 



w*re 



The test rig is comprised of th&foflowiijig terns 



As shown in the Figures, the 
improved vibrational damping, 
zones in the coating. 
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1) Laptop compi ifer, riinjnfng MATLAB environment and custom test and 
analysis rouH tes 

2) SigLab Measi frement System 

3) MicroEpsilon 



(Data Acquisition) 
3aser Displacement Device 



In a typical test a standard 
clamp. The tip of the beam is 
measuring system, is used to 
probe (MicroEpsilon-optoNCDljD 
through MATLAB, which is the 
captured data. The analysis rojitmes 
strain level using the Logarithmic 



sp^imen (jstraighjt beam) is secured in a custom made 

deflected to a set amplitude* SigLab, a two channel 
ijgeord thje displacement signal of the laser displacement 
measuring the amplitude of the vibration- SigLab runs 
same programming environment used to analyse the 

estimate: the damping of the coated beam at that 

■ ■ i; 

Decrement [method (see Thomson, Willfem T. (William 



Tyrrell). - Theory of vibration w|h appiibaHtin^ - 3rd ed. - London, 1 988). 



readfly jappareijit to thpse skilled in this art are intended to be 
and a|ny resultant patents. 



ci ^tlng of the present invention provides substantially 
and a substantial increase in the concentration of defect 



The above broadly descrfces tflife present invention without limitation. Variations and 
modifications as will be 
included in the scope of this adblicatioiji 
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5. 
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A method of forming a 
comprising applying to i i 
spinel having regions oi 



\ ibration damp 



A method according to. 
titanium alloy. 



3. A method according to 
metallic substrate by 
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CLAIMS 



surface of :trwj 
relative oxide 



rig coating on a metallic substrate, 
metallic substrate a coating comprising a 
or nitride imbalance. 



i :lalm 1, wh^eih the metallic substrate comprises a 



4laim 1 or cljairtii 2, wherein the coating is applied to the 
plasma spraying. 



A method according to. 5 
includes a molar excess* 



'amy 



A method according to 
excess Qf the oxide is 



one of the 
of one of the 



preceding claims, wherein the spinel 
oxides on which the spinel is based. 



i 



ny one of the 
in about 7% 



preceding claims, wherein the molar 
of- equimolar. 



6. A method according to |ny one of the Preceding claims, wherein the spinel 
includes at least one introduced nitiidd and/or oxide. 



A method according to j 
selected from nitrides a Ad 
calcium, titanium, boron 
titanium, vanadium, manganese, 



A method according to 
oxide is present in an 
material. 



aim 6, wherein -the Introduced oxide and/or nitride is 

oxides of: zirconium, yttrium, silicon, alumium, 
hafnium, tungsten, nickel, niobium, iron, chromium, 



, molybdenum, cerium, cobalt and barium. 



wherein the introduced nitride and/or 
amount up toiabpUt 40% by total weight of the coating 



[aim 6 or claim 
up to 
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10. 



11. 



13. 



14. 



15. 



16. 
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A method according to ijriy one of.tha preceding claims, wherein the spine! is 



magnesia-alumina spinal; 

A vibration-damped strujfcture comprisirig 
damping coating b6nde< to a surface 
coating comprises a spijpel having regii 



A vibration-damped strujbture comprising 
damping coating bonde< 
coating comprises a spinel 
85,000 effective interfacfL 
least about 100,000 
square millimetre, or both 



12. A structure according to 



a metallic substrate and a vibration 
df the metallic substrate, wherein the 
lone of relative oxide or nitride imbalance. ' 



!a metallic substrate and a vibration 
to a surface cjf the metallic subsfrate, wherein the 
characterised; by the presence of at least about 
and defe4 apnea per surface square millimetre, or at * j 
grairi boundaries and mterocracks per surface 



orientated 



claim 10 oridslfni 1 1 a which comprises an aerospace 



component or a portion hereof. 



A structure according to 
according to any one of 



any one of da 
dairns I to 



frisMO to 12, when produced by a method 



A particulate spinel material wherein a\ 
relative oxide or nitride i ribalance with 

wtierein at least some of the particles tjpite regions of relative oxide or nitride 
Imbalance within the pai stele, or both. 



A particulate spinel material according 
present as a precursor : <ff calcium c^rbbrtate. 



A particulate spinel mat&rial 
nitride imbalance is prov 
which precursor is 
coating application metjfcd, 



least some of the particles have a 
respect to other ones of the particles, or 



according |to:6alim 14, wherein the relative oxide or 
ded by a pitec unpor of an oxide or nitride, respectively, ' 
capable of being : 1co|v:erted to an oxide or nitride in the 



to; claim 15, wherein calcium carbonate is 
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18. 



10. 



20. 



21. 



A particulate spinel material according 
consists essentially of trie said partiple 
stolchiometrically balanced spinel nj 



foany one of claims 14 to 16, which 
i, optionally together with particles of 

Intel- 



A particulate material acicordrng;to ahyfcorie of claims14 to 17. wherein the 
particles are sufficierrtiyLe to mert;in k plasma flame during the process of 
application to coat a metallic substrate ; 

A particulate material aicordingito snyWie of claims 14 to 18, wherein the 
particles are In the form bf particular agglomerates of smaller particles which 
can disintegrate orfragr|ent in a plasma Same during me process of application 
to provide in the flame Jstream:of mo%n particles for the application of the 
coating to tfie substrate! 



22. 



23. 



A particulate materiai at 
dry powder. 



A particulate material a 
admixture a first particu 



;ording:to any 



lorie of claims 14 to 19, in the form of a 



:ording:to any brie of claims 14 to 20, comprising in 
e spinel material In which one of the oxides of the 
spinel and/or an Introduled oxide afid/lr ^itridB is in a molar excess and a 
second paniculate sprriJl ' material in! w|lch the other of me oxides of foe spinel 
and/or an introduced oxL and/or rfttriie-js in a molar excess, optionally together 
with ftJrther particulatesbinel materialsiofidifferent composition whether ' 



stoichiometrically balah' 

A particulate material ai 
particulate spinel materi 

A particulate material a 
particles comprising ii 
oxides of the spinel 



I or unbalanced, 
rding to claim 21 , consisting essentially of the said 




jrdingjto any 
tal domains 
an 



and tor an introduced: oxide 



•orie of claims 14 to 20, comprising 
Jf a/first spinel material in which one of the 
andfor nitride is in a molar 
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24. 



25. 



26. 



27. 



28. 



29. 



excess and a second si 
different molar excess 



introduced oxide and/oi( iftride is in a 
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nel materia! 
the other 



of tf ie 



further spinel domains 
balanced or unbalance* 



A particulate material 
particles. 



a| ending to clalih 23, consisting essentially of the said 



A particulate material ajfcording 
method according to an - 



Use of a spinel having 
coating of a metallic su 
metallic substrate. 



A method of forming a i oration 
substantially as herein 



A particulate spinel 
the Example. 



different spinel 



irijwhlch the same oxide Is present In a 

oxides of the spinel and/bran 
rjjjotar excess, optionally together with 
composition whether stoichlometricaily 



to any 
one of claims: 1 



PATENT OFFICE 



one of claims 14 to 24, for use In a 
to 9. 



i sgions of Mat& te oxide, or nitride imbalance in a surface 
Igprate, for the j purpose of damping vibrations in the 



jiescri 1 



damping coating on a metallic substrate, 
reference to the Example. 



bed with i 



A vibration damped stri|frture, substanf ally as herein described with reference to 
the Example. 



ma ©rial, substantially as herein described with reference to 



30. A use of a spinel for thf i purpose of damping vibrations in a metallic substrate, 

escribed with ■ eference to the Example. 



substantially as herein 
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ABSTRACT 



MC n ion OF ESiB MNG^ XfiBl^TIQN RAMPING COATING 



gj U MgTALU ^UBSTRATE 



A method of forming a vibratio| 
alloy aerospace component, 
comprising a spinel having 



damping coalng on a metallic substrate, eg a titanium 
prises applying to the metallic substrate a coating 
ms of telatlve oxide or nitride imbalance. 
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